The dorsal neural tube of chordates and the ventral nerve cord of annelids exhibit a similar 14 molecular mediolateral architecture. Accordingly, the presence of such a complex nervous 15 system (CNS) has been proposed for their last common ancestor. Members of Enteropneusta, 16 a group of non-chordate deuterostomes, possess a less complex CNS including a hollow 17 neural tube, whereby homology to its chordate counterpart remains elusive. Since the 18 majority of data on enteropneusts stem from Saccoglossus kowalevskii, a derived direct-19 developer, we investigated expression of key neuronal patterning genes in the indirect-20 developer Balanoglossus misakiensis. 21 The collar cord of B. misakiensis shows anterior Six3/6 and posterior Otx + engrailed 22 expression, in a region corresponding to the chordate brain. Neuronal Nk2.1/Nk2.2 expression 23 is absent. Interestingly, we found median Dlx and lateral Pax6 expression domains, i.e., a 24 condition that is reversed compared to chordates.
Introduction
at the level of the dorsal midline. The juvenile enteropneust shows a similar expression 136 pattern at the posterior margin of the collar region (Fig. 2K, L) . The ring of BmiEn expression 137 shows a gap on the dorsal side, as in the metamorphosing larva. 138 In summary, the collar cord, that is part of the enteropneust collar region (mesosome), abuts 139 anteriorly the expression domain of BmiSix3/6, lies within the BmiOtx-expression region, and 140 is posteriorly delimitated by a line of BmiEn expression. 141 Gene expression of mediolateral patterning genes 142 In metamorphosing larvae, BmiPax6 is strongly expressed in the proboscis nerve ring at the 143 base of the proboscis and in an additional circular pattern in the ectoderm of the posterior 144 collar region (Fig. 3A, B ). Between both circumferential domains, BmiPax6 is also expressed 145 in two parallel, longitudinal domains of the collar (Fig. 3A, dashed area) . This area of the 146 neural plate will later neurulate to form the subepidermal collar cord [11] . In juveniles, although weak signal, is present in the hindgut (Fig. 3J , white arrowhead).
163
The transcription factor BmiNkx2.2 is strongly expressed in the lateral and dorsal portions of 164 the anterior pharyngeal endoderm in the metamorphosing larva ( Fig. 3K , inset, L). In the 165 6 juvenile worm the BmiNkx2.2 domain has extended posteriorly and is present throughout the 166 endoderm, but absent from the hindgut (Fig. 3M, N) . Thus, there is no expression domain of 167 Nk2 genes in the collar cord or the trunk nerve cords in B. misakiensis. 168 We additionally checked the distribution of serotonin-LIR neuronal components within the 169 collar cord, because these neurons are restricted to the Nkx2.1/2.2 domains in annelids and 170 chordates. The serotonin-like immunoreactivity (LIR) nervous system of B. misakiensis has 171 been described earlier [18] , but the precise position of serotonin-LIR neurites within the collar reported in other enteropneust species [10, 11, 16] .
191

Gene expression patterning of the collar cord in Enteropneusta 192
The transcription factors Six3/6, Otx and engrailed have been shown to play a conserved role 193 in anteroposterior patterning and regionalization of the nervous system in chordates and in 194 many other bilaterians [3] . It has been reported that Six3/6 patterns the anteromost region of 195 the nervous system in numerous animals [3, 23, 24] . We found that in B. misakiensis the 196 expression pattern of Six3/6 is likewise at the anteriormost region of the animal, while Otx Enteropneusta that has been inherited from a common bilaterian ancestor [3, 13, 23] . conserved role of this transcription factor in neurogenesis in Enteropneusta. We then verified 212 the expression pattern of BmiPax6 and found that it forms two lateral stripes along the neural 213 plate of B. misakiensis (Fig. 4B') . We show that BmiPax6 is only expressed for a short period detected in the pharyngeal endoderm ( Fig. 3I-N) . In the direct developer S. kowalevskii a 226 likewise endodermal expression of both genes has been reported previously [13, 26] and in developmental modes. This conclusion is also supported by morphogenetic data of the 241 developing nervous system in enteropneusts [18] . On that basis, we propose that a similar 242 collar cord patterning was present in the last common ancestor of Enteropneusta (Fig. 4A ).
243
These results further corroborate the suitability of indirect as well as direct developing 244 enteropneusts for serving as model organisms to conduct 'evodevo' studies in hemichordates.
245
Comparative aspects of neural tube patterning among deuterostomes 246 Morphological similarities between the tubular collar cord and the chordate neural tube have 247 not gone unnoticed and have been acknowledged from early on [30] . Therefore, we compare 248 here the gene expression patterns of the studied transcription factors among different 249 deuterostomes and discuss evolutionary implications.
250
Chordata comprises three major taxa, Cephalochordata, Tunicata and Vertebrata, of which the 251 latter two form the monophyletic Olfactores [31, 32] . All three groups share corresponding 252 expression domains of the transcription factors Six3/6, Otx and Engrailed (En) (Fig. 4D-F) , 253 which are restricted to the anterior portion of the neural plate, i.e., the future brain region 254 [3, 33] . Thereby, coexpression of Otx and En mark the midbrain-hindbrain boundary (MHB) 255 in vertebrates and the posterior margin of the sensory vesicle (brain) in the ascidian Ciona 256 intestinalis. In contrast, the coexpressing domain of Otx and En in amphioxus is located in 257 the midlevel of the brain region, whereas a second expression domain of Six3/6 is present at 258 the posterior end of the cerebral vesicle (Fig. 4D) [3, 34] . Moreover, all three groups show a 259 median/ventral Nk2.1 domain and expression domains of Pax6 and Dlx in the brain region 260 [13, 17, 29, [35] [36] [37] [38] [39] . Thus, the chordate ancestor likely had a similar brain patterned by these 261 transcription factors [3] . vertebrate spinal cord and hindbrain levels (posterior to MHB) as well as the annelid and 266 insect ventral nerve cord (postcerebral) [2, 3] . The median column of Nk2.2 is an exception as 267 its domain projects anteriorly throughout the midbrain region and is replaced by Nk2.1 in the 268 vertebrate forebrain (Fig. 4F ). However, ascidians share only a mediolateral Pax6 domain 269 with vertebrates, while Dlx and Nk2.2 expression is absent from the postcerebral neural tube 270 (Fig. 4E) [3, 39, 40] . Ascidians belong to Tunicata, a taxon of rapidly evolving animals with 271 reduced genome size that have lost about 25 genes involved in developmental patterning 272 including Gbx, Wnt1 and Nk2.2 [33, 41, 42] . Thus, the aberrant and lacking expression 273 domains compared to vertebrates might be explained by secondary gene losses in Tunicata.
274
Compared with this, amphioxus does not appear to be rapidly evolving. In fact, enteropneusts might correspond to a region of the chordate brain rather than to the 293 postcerebral neural tube (Fig. 4A, D-F) . This is also supported by comparative Hox gene 294 expression analysis in S. kowalevskii [3, 13] . In Enteropneusta the neural plate is patterned 295 medially by Dlx ([13,14,16] this study) ( Fig. 4A) , whereas Dlx expression is restricted to the 296 very lateral area of the brain in amphioxus and ascidians (Fig. 4D, E ) and the spinal cord in 297 vertebrates (Fig. 4F) . Accordingly, there is no corresponding mediolateral patterning present 298 in the enteropneust nervous system, and compared to chordates the expression domains of Dlx 299 and Pax6 are flipped in B. misakiensis (Fig. 4B', D-F) . These incongruent expression patterns 300 might be explained by the fact that dorsoventral signaling of Bmp and chordin, which is 301 responsible for the placement of the mediolateral patterning domains, is inverted in 302 enteropneusts and chordates [26] . It was shown in S. kowalevskii that the tubular collar cord 
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